To verify the usefulness of moisturizers, a multi-center study was conducted on patients with atopic dermatitis who visited 3 university hospitals in Japan between November 2009 and March 2012. Thirty-seven patients with dry skin and stable symptoms who were receiving topical and oral treatments were given moisturizers for 8 weeks. The moisturizers contained components such as glycerin and seawater minerals in 3 forms: lotion, emulsion, and cream. The moisturizers were chosen by physicians based on the degree of dryness of the patients' skin. In addition to observing the skin condition of the entire body, high-frequency conductance as a parameter of skin surface hydration and transepidermal water loss (TEWL) in the buccal region and the medial side of the forearm were measured, and those of the back were used for comparison. Furthermore, stratum corneum levels of thymic stromal lymphopoietin (TSLP) and thymus and activation-regulated chemokine (TARC), both of which were objective parameters for atopic dermatitis skin lesion severity, were analyzed using the tape stripping method. At the beginning of the study, TSLP showed a correlation with skin symptoms (dryness, itching) and high-frequency conductance, whereas TARC showed a correlation with skin symptoms (erythema, dryness, itching) and TEWL. In addition, a correlation was noted among TSLP, TARC, and itching. At the end of the study, erythema, dryness, itching, TEWL， TSLP, and TARC were significantly reduced, whereas high-frequency conductance was significantly increased. The moisturizers clearly improved the dry skin symptoms of these patients with atopic dermatitis and improved the physiology of their sensitive and damaged skin. These findings also support the involvement of cytokines/chemokines in the pathogenesis of atopic dermatitis lesions.
Introduction
In addition to its allergic aspect, atopic dermatitis involves physiological aspects of the skin, such as barrier function failure and abnormalities of the epithelium, particularly the stratum corneum [1, 2] . Lipid reduction between corneocytes, such as ceramide in the stratum corneum [3] ; itching related with invasion of the epidermal nerve fibers [4] and increased levels of serum TARC as indicators reflecting disease condition are well known in atopic dermatitis [5, 6] . Furthermore, filaggrin gene variation has been reported in the onset of atopic dermatitis [7, 8] . It is also suggested that skin care products such as moisturizers, are useful for repairing the skin barrier function as symptomatic treatment for the symptoms of atopic dermatitis, particularly dryness [9, 10] .
In the actual treatment of atopic dermatitis in dermatology, steroids and immunosuppressive drugs are used to treat inflammation from the allergy aspect. Skin phy-siological abnormality due to skin barrier failure is treated with moisturizers such as Vaseline, which is used externally to prevent dryness and exacerbation of inflammation. In addition, possible prevention of the onset of atopic dermatitis by the application of moisturizers from childhood has been reported in recent years, suggesting the importance of moisturizer use [11, 12] . It is also suggested that skin barrier repair using moisturizing agents is useful for preventing transdermal sensitization if the onset of atopic dermatitis is correlated with barrier function failure and its related epicutaneous sensitization.
To verify the usefulness of moisturizers in sensitive, damaged skin from the aspect of physiological function, we evaluated the external use of moisturizers in patients with atopic dermatitis and dry skin. To evaluate skin physiology, we analyzed changes in the levels of thymic stromal lymphopoietin (TSLP) and thymus and activation-regulated chemokine (TARC) in the stratum corneum [13] [14] [15] [16] , which induce allergy symptoms, promote the production of various cytokines, and are involved in the Th2 shift in addition to the generally used evaluations of high-frequency conductance as a parameter of skin surface hydration and transepidermal water loss (TEWL).
There were correlations between itching stratum corneum TSLP (scTSLP) with skin symptoms (dryness, itching) and high-frequency conductance. In addition, stratum corneum TSLP (scTARC) showed a correlation with skin symptoms (erythema, dryness, itching) and TEWL as well as with scTSLP and scTARC. In addition, improvement of the skin symptoms was related with moisturizer use. We successfully verified a significant reduction in TEWL, TSLP, and TARC; significant improvement of high-frequency conductance; and the usefulness of moisturizers from the physiological aspect.
Methods

Subjects
The subjects included 37 patients aged >20 years with atopic dermatitis, dry skin, and stabile symptoms following external and oral treatment who visited 3 university hospitals in Japan between November 2009 and March 2012. There were no serious underlying diseases. The physician in charge determined the appropriateness of the present test. Before the study was initiated, the patients were provided a thorough explanation of the study content and objectives. The subjects participated in the study of their own free will. There were no specific criteria regarding age or sex, but the subjects were only included after we had obtained written consent from them or their guardians (in case of a minor).
Study Period and Institution
Each subject was studied for 8 consecutive months; the study extended from November 2009 to March 2012. The institutions involved were the dermatology departments of Kumamoto University Hospital, Kyoto University Hospital, and Shimane University Hospital. The study was conducted after approval was obtained from the ethics review board of each institution.
Study Samples
The study samples included a lotion, emulsion, and cream marketed by TOKIWA Pharmaceutical Co., Ltd (Osaka, Japan) as treatment to improve the dry skin condition in atopic dermatitis. Three moisturizers were used for the study, all of which included Oligomarine , and Na + . The main moisturizing ingredients of the preparations used in this study are indicated below.
Lotion: 1, 3-butylene glycol, glycerin, hyaluronic acid. Emulsion: glycerin, dipropylene glycol, betaine, squalane, behenyl alcohol, pentaerythrityl tetraethylhexanoate, petrolatum.
Cream: glycerin, 1, 3-butylene glycol, mineral oil, microcrystalline wax, behenyl alcohol, phytosteryl macadamiate, dipentaerythrityl tetrahydroxystearate/tetraisostearate, stearic acid, palmitic acid. These samples belong to the cosmetics category (quasi-drug) under the Japanese Pharmaceutical Affairs Law.
Usage
Skincare products and makeup such as cleanser and foundation used prior to the study were continued during the study. However, products with the same objective as the moisturizers were replaced with the study samples. The standard application was as follows: 2 -3 mL/cm 2 lotion and 1 -2 mg/cm 2 emulsion or cream. The doctor in attendance decided whether the degree of dryness of the face and limbs would respond well to the lotion, emulsion, or cream. The study samples were applied twice a day: once in the morning and once in the evening (after bathing); application was adjusted according to the dry skin condition and lifestyle. One type of formulation was applied to the regions, but if the degree of dryness differed between the left and right side, we used different moisturizing agents for the two sides. The back, to which the study samples were not applied, was used for comparison.
Treatments for previously existing underlying diseases and complications were continued during the study period. In principle, the type, method, and dosage of the treatment drugs (oral and external use) were not modified during the study period; however, they were switched if the physician in charge decided that they would affect the study. Accordingly, those patients were excluded from
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Observation and Evaluation Methods
The physician in charge filled in a case card with each patient's information, (to avoid the possibility of connection) including identification number, age, sex, complications, and medication combination during the study period (drug, method, and dosage), with the identity of the patient concealed. The whole-body disease severity of atopic dermatitis was evaluated according to 4 stages (very mild, mild, moderate, and severe). In addition, the following items were measured and evaluated at the beginning and end of the study. Measuring points included cheek, medial side of the forearm, and back (the unapplied control). Additionally, if different formulations were used for the left and right sides, the observations were tabulated as different regions.
Skin Findings
The degree of the skin condition (erythema, dryness, and itching) of the buccal region and the medial side of the forearm, to which the study samples were applied, was scored according to 5 stages (none, 0; very mild, 1; mild, 2; moderate, 3; severe, 4).
Evaluation of Skin Physiology
After washing with soap, the measurement site was exposed to constant air conditioning (room temperature, 21˚C ± 2˚C; room humidity, 50% ± 3%) and was evaluated after 10 min. 1) High-Frequency Conductance High-frequency conductance, which is a parameter for the hydration state of the skin surface, was evaluated 5 times using a 3.5-MHz high-frequency conductance measurement device (SKICON-200EX ® ; IBS Ltd., Hamamatsu, Japan). After exclusion of the highest and lowest values, the mean of the remaining 3 values was used as the measurement value of the high-frequency conductance.
2) TEWL TEWL was evaluated twice using a Tewameter ® TM 210 unit (Courage + Khazaka electronic GmbH, Cologne, Germany), and the obtained mean was used as the measurement value. 
Safety
Details of adverse events (details of symptoms, degree, presence or absence of cessation, measures, and outcomes) were recorded on the case card. An event was considered a side effect if a causative correlation with the present study samples was found.
Statistical Analysis
Correlations among the evaluation values at the beginning of the study were analyzed using Spearman's rank correlation, whereas the changes in values between the beginning and end of the study were analyzed using a paired t-test or Wilcoxon's signed rank test.
Results
Subject and Case Characteristics
The mean age of the subjects was 27.7 ± 10.3 years. Whole-body disease severity was characterized as follows: very mild, 11 cases; mild, 15 cases; and moderate, 11 cases; there were no severe cases ( Table 1) . Complications included hay fever, asthma, allergic rhinitis, and allergy-related conjunctivitis. There were no changes to the treatment drugs (type, method, or dosage) for any 
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cases during the study period.
Skin Findings
The scores of the skin conditions (erythema, dryness, and itching) in the buccal region and medial part of the forearm at the beginning and end of the study are listed in Table 2 . At the end of the study, a significant reduction in erythema, dryness, and itching in the buccal region; dryness and itching in the medial part of the forearm; and dryness in the back were noted.
Skin Physiology
The high-frequency conductance and TEWL values of the buccal region, medial side of the forearm, and back at the beginning and end of the study are listed in Table 3 . The significant increase in high-frequency conductance and a significant reduction in TEWL in the buccal region and medial part of the forearm were noted. The highfrequency conductance increased markedly even in the untreated back area.
scTSLP and TARC
TSLP and TARC values of the buccal region, medial side of the forearm, and the back, at the beginning and end of the study are shown in Table 3 . At the end of the study, there was a significant decrease in the scTSLP and scTARC levels. Stained images of the scTSLP and scTARC are shown in Figure 1. 
Safety
None of the patients dropped out due to worsening skin condition or their own personal taste. All 37 patients successfully completed the 8-week study. All the study products were considered to be "without side effects."
Correlation Analysis of Measurement Values
At the beginning of the study, scTSLP showed a correlation with skin symptoms (dryness, itching) and highfrequency conductance. Additionally, scTARC was correlated with skin symptoms (erythema, dryness, itching) and TEWL as well as scTSLP and scTARC ( Table 4 ).
Discussion
The studied skin condition was soothed with continuous treatment. We believe that the 8-week moisturizer application improved the skin conditions of the patients with atopic dermatitis and dry skin. The skin physiological tests generally used for studying the high-frequency conductance and TEWL were evaluated and exhibited improvement. In addition, to analyze the improvement of the skin condition from the physiological aspect and cellular level in detail, we evaluated TSLP and TARC in the stratum corneum.
TSLP is produced by keratinocytes during inflammation and promotes an inflammatory response related with the Th2 cytokine. This study's findings demonstrated a correlation with stratum corneum moisture levels and the improvement of dry skin after moisturizer use. TARC, a chemokine that exhibits chemotaxis properties with white blood cells, is produced in epidermal keratinocytes of lesion areas in atopic dermatitis and is involved in the local migration of lymphocytes (Th2 cells expressing CCR4), inducing IgE production, eosinophil infiltration, and activation related with the Th2-dominant immune response, and is known to express various allergic symptoms. In addition, because TSLP stimulates monocytes and produces T cell-suppressing chemokines such as TARC, a detailed evaluation of skin with atopic dermatitis can be achieved by analyzing local TSLP and TARC changes. At the beginning of the study, scTSLP showed a correlation with skin symptoms (dryness, itching) and highfrequency conductance. In addition, scTARC showed a correlation with skin symptoms (erythema, dryness, itching) and TEWL as well with scTSLP and scTARC. This means that skin physiology and functional findings reflect the degree of skin symptoms and changes in these measurements. Following moisturizer application, reductions were seen in the skin condition score (erythema, dryness, itching), TEWL, scTSLP, and scTARC, whereas
